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(54) [Title of the Invention] MULTILAYER CERAMIC CAPACITOR FOR 
BALANCED LINE 

(57) [Abstract] 

[Object] It is an object of the present invention to provide a small-size multilayer ceramic 
capacitor which can be mounted v^th a high density on a circuit substrate with a small 
moimting area, thereby making it possible to decrease the size of electronic devices, and 
which can improve the filter response and remove a high-frequency noise. 

[StruciTire] A laminate 45 is formed by alternately laminating a dielectric sheet 10 having 
formed on its surface an irmer electrode 10a which is extended to one outer side and is 
located at a certain distance from the outer side opposite to the above-mentioned outer 
side, a dielectric sheet 20 having formed on its surface an ixmcr electrode 20a which is 
extended to the above-mentioned opposite outer side and is located at a certain distance 
from the above-mentioned one outer side, and a dielectric sheet 30 having formed on its 
surface an inner electrode 30a which is extended to the two mumally opposite outer 
sides, to which electrodes 10a, 20a arc not extended, and is located at a certain distance 
from the two mumally opposite outer sides, to which electrodes 10a, 20a are extended. A 
pair of outer electrodes 41, 42 which arc connected to electrodes 10a, 20a arc formed on 
both side surfaces of the lammate, and outer electrodes 43 conneaed to electrode 30a arc 



formed on other two side surfaces of the laminate. Three capacitors arc incorporated, and 
three terminals arc integrated 

[Patent Claims] 

[Claim 1] A mtiltilayer ceranaic capacitor for a balanced line comprising 
a laminate (45) formed by alternately laminating 

a first rectangular ceramic dielectric sheet (10) having formed on its stnface a first 
inner electrode (10a) which is extended to one outer side and is located at a certain 
distance from the outer side opposite to tihe above-mentioned outer side, 

a second rectangular ceramic dielectric sheet (20) having formed on its surface a 
second inner electrode (20a) which is extended to the above-mentioned opposite outer 
side and is located at a certain distance from die above-menrioned one outer side, 

and a third ceramic dielectric sheet (30) having formed on its surface a third inner 
electrode (30a) which is extended to the two mutually opposite outer sides to which said 
first and second electrodes (10a, 20a) are not extended and is located at a certain distance 
from the two mutually opposite outer sides to which said electrodes (10a, 20a) arc 
extended, 

a pair of a first and second outer electrodes (41 , 42) for connecting a balanced 
line, which are formed on both side surfaces of said laminate (45) and arc connected to 
said first and second inner electrodes (10a, 20a), and 

third outer electrodes (43) for grounding, which are formed on other two side 
surfaces of said laminate (45) and are connected to said third inner elecnrode (30a). 

[0001] 

[Detailed Description of the Invention] 

[Field of Industrial Utilization] The present invention relates to a multilayer ceramic 
capacitor suitable as a chip noise filter for balanced lines of communication circuits such 
as telephones and modems, or power supply circuits such as DC-DC converters. More 
specifically, the present invention relates to a chip bypass capacitor suitable for absorbing 
electromagnetic interference, in which three capacitors are incorporated and three 
terminals are integrated, 

[0002] 

[Prior Art Technology] Three wire balanced lines consisting of a pair of input lines and a 
ground line are suitable for tlie coramtmication circuits of power supply circuits of the 
above-described type. Low-pass filters or bypass fiDltcrs arc rccruired to remov 
common-mode noise and differential noise in such Uncs. More specifically, a filter is 
often used in which, as shown in Fig 17, a multilayer ceramic capacitor C| is connected 
between the input line A and ground line Q, a multilayer ceramic capacitor Ci is 
connected between the input line B and grotmd line G, and a multilayer ceramic capacitor 
C3 is connected between input lines A and Each of the above-menrioned three 
multilayer ceramic capacitors comprises a laminate and a pair of external electrodes. The 



laminate is obtained by preparing two of rectangular ceramic dielectric sheets each 
having formed on its surface an inner electrode which is extended to one outer side of the 
sheet and is located at a certain distance from the sheet outer side which is opposite to the 
above-mentioned sheet outer side, stacking those two ceramic dielectric sheets so that the 
sheet outer sides with the inner electrodes exrended thereto are on respective opposite 
sides, and laminating and integrating a plurality of such stacked and assembled ceramic 
dielectric sheets. A pair of outer electrodes is formed so as to be connected to the 
respective inner electrodes exposed on both side surfaces of the laminate. Those three 
capacitors arc separately moimted on a printed circuit board. 

[0003] 

[Problems Addressed by the Invention] Thus, in the conventional filters consisting of the 
above-described three multilayer ceramic capacitors, the capacitors were separately 
mounted on a substrate. As a result the printed circuit was complex and the noise 
absorption capability of the filter was degraded due to the residual impedance of the 
printed cinniit. Furthermore, when the capacitor was mounted on a substrate, the 
subsuate was required to have a large mounting area, and the size of elecuronic devices 
was difficult to decrease. It is an object of the present invention to provide a small-size, 
multilayer ceramic capacitor for a balanced line, which can be mounted with a high 
density on a circuit substrate with a small mounting area, thereby maldng it possible to 
decrease the size of electronic devices. Another object of the present invention is to 
provide a multilayer ceramic capacitor for a balanced line, which makes it possible to 
improve filter response and to remove a common-mode noise and differential noise in a 
threc-wire balanced line by incorporating three capacitors close to each other in a single 
clement and integrating three terminals, 

[0004] 

[Means to Resolve the Problems] The structure of the present invention designed to attain 
the above-described object will be described below vnrh reference to Fig 1, Fig 5, and Fig 
8, In a multilayer ceramic capacitor 50 in accordance with the present mvention. a 
laminate 45 is formed by alternately laminating a first rectangular ceramic dielectric sheet 
10 having formed on its surface a first inner electrode 10a which is extended to one outer 
side and is located at a certain distance from the outer side opposite to the above- 
mentioned outer side, a second rectangular ceramic dielectric sheet 20 having formed on 
its surface a second inner electrode which is extended to die abovc-mcnUoncd opposite 
outer side and is located at a certain distance from the above-mentioned one omer side, 
and a third ceramic dielectric sheet 30 having formed on its surface a third inner electrode 
30a which reaches the two mutually opposite outer sides to which the two electrodes 1 Oa, 
20a were not extended and is located at a certain distance from the two mutually opposite 
outer sides to which the two electrode 10a, 20a were extended Funhermore, a first and 
second outer electrodes 41, 42 for a balanced line connection, which arc cormcctcd to the 
electrodes 10a, 20a, respectively, arc formed on both side surfaces of laminate 45, and 
third outer electrodes 43 for grounding, which are connected to the third inner electrode 
30a, are formed on other two side surfaces of laminate 45. 



[0005] 



[Operation] As shown in Fig 8, when capacitor 50 is cormected to liaes A, B, and G, a 
capacitor C3 for absorbing a differential noise is fonned between the first outer electrode 
41 and second oirtcr electrode 42, and two capacitors Ci and C2 for absorbing a comraon- 
mode noise are formed between the first outer electrode 41 and third outer electrode 43, 
and between the second outer electrode 42 and third outer electrode 43, respectively. In 
the chip-like multilayer ceramic capacitor having the above-described structure, the three 
c^acitors are located inside and three terminal electrodes 41, 42, 43 are inteerated with 
side surfaces of laminate 45. Therefore, (1 ) the filter response is improved, and (2) three 
capacitors, which are implemented in a single element, take a very small .space and can 
be mounted on a circuit substrate by a process involving few operations. 



[0006] 

[Embodiments] The embodimente of the present invention will be described below in 
greater detail widi reference to the drawings attached. 

<Embodiment 1> First, a large number of dielectric green sheets were prepared Those 
dielectric green sheets were formed by coating a barium titanatc-based dielectric slurry 
having a JIS-R characteristic by a doctor blade method on the upper surface of a 
polyester base sheet, followed by drying. Of those green sheets, a certain group was taken 
as first green sheets, another group was taken as second green sheets, and stiU anotbea- 
group was taken as thud green sheets. Then, a conductive paste containing Ag/Pd as the 
main components was screen printed according to respective patterns on the surfaces of 
the first, second, and third green sheets, followed by drying for 4 min at a temperanire of 
80**C. Thus, as shown in Fig 5, a first inner electrode 10a was formed by printing on the 
surfece of first green sheets 10 in such a manner that it was extended to one outer side 
and was located at a certain distance from the outer side opposite to the above-mentioned 
outer side. A second inner electrode 20a was formed by printing on the surface of second 
green ceramic green sheets in such a manner that it was extended to the above-mentioned 
opposite outer side and was located at a certain distance from the above-mentioned one 
outer side. Then, a cross-like third inner electrode 30a was formed by printing on the 
surface of third ceramic green sheas in such a manner that it was extended to two 
mutual ly opposite outer sides to which the two inner elecnrodcs 10a, 20a were not 
extended and was located at a certain distance from the two mutuaUy opposite outer sides 
to which the two inner electrodes lOa. 20a were extended. In this example, the three mner 
electrodes 10a, 20a, and 30a had the same surfeoe area. 

[0007] As shown in Fig 1 and Fig 5, in this example a first dielecnic sheet 1 0, a third 
dielectric sheet 30, a second dielecuic sheet 20, a first dielectric sheet 10, a thurd 
dielectric sheet 30, and a second dielectric sheet 20 were laminated on the second 
dielectric sheet 20 in the order of description. A fourth ceramic green sheet 40 that was 
not printed with the electrically conductive paste was placed on the uppemiost layer to 
obtain a laminate 45 consisting of a total of 8 layers. This laminate 45 was integrated by 



therraal pressing and fired for about i h at a temperature of ISO^^C to obtain a sintered 
body* The sintered body was barrel polished to expose the inner electrodes 10a, 20a, and 
30a on the side surface of the sintered body (Fig 6). Both end portions of the sintered 
body where the inner electrodes 1 Oa, 20a were exposed were coated with an electrically 
conductive paste containing Ag as the main component, and then the electrically 
conductive paste was coated on the whole periphery of the central ponion of the sintered 
body where the inner electrode 30a was exposed, llxe electrically conductive past© in all 
of the above-mentioned regions was then fired to form the first and second outer 
electrodes 41, 42 and a third outer electrode 43. As a result, a multilayer ceramic 
capacitor 50 shown In Fig 7 was obtained, 

[0008] In order to study characteristics of the multilayer ceramic capacitor 50, it was 
cotmccted to a three-wire balanced line including a pair of input lines A and B and a 
ground line G (sec Fig 8). More specifically, the first outer electrode 41 of the mulrilaycr 
ceramic capacitor 50 was connected to line A, the second outer electrode 42 was 
connected to line B, and the third outer electrode 43 was connected to line G. When a 
signal to which a high-frequency noise, electromagnetic waves and the like were admixed 
was fed into the balanced line, a differential noise was absorbed bcrwcen the first outer 
electrode 41 and second outer electrode 42, and the respective common-mode noLse was 
absorbed between the first outer electrode 41 and third outer electrode 43, and between 
the second outer electrode 42 and third outer electrode 43. In this example, the 
capacitance of the three capacitors in the circuit shown in Fig S can be represented by the 
following formula. 

0) 

[0009] <Embodiment 2> Figs 9-12 show a cross section of the multilayer ceramic 
capacitor of the second embodiment of the present invention. In those figures, structural 
componenra identical to those shown in Figs 1 - 4 are assigned with the same symbols. In 
this embodiment, the third dielectric sheet 30, second dielectric sheet 20, third dielectric 
sheet 30, first dielectric sheet 10, third dielectric sheet 30, and second dielectric sheet 20 
were laminated in the order of description on the first dielectric sheet 10, A fourth 
ceramic green sheet 40 that was not printed with the electrically conductive paste was 
placed on the i^pennost layer to obtain a laminate 45 consisting of a total of 8 layers. In 
this example, the surfece area of inner electrode 30a was half of the surface area of each 
of the inner ciccrrodc 20a and inner electrode 30a, Other elements of the structure were 
idenrical to those of Embodiment 1, and their explanation is omitted to avoid redundancy. 
Characteristics of the multilayer ceramic capacitor were identical to those obtained in 
Embodiment 1. In this example, the capacitance of the three capacitors in the circuit 
shown in Fig 8 can be represented by the following formula. 

C, ~C2-C3/2,5 (2) 

[0010] <Embodiment 3> Figs 13-16 show a cross section of the multilayer ceramic 
capacitor of the third embodiment of the present invention. In those figiures, smictural 
components identical to those shown in Figs 1 - 4 are assigned with the same symbols. In 



this embodimeni, die Gxsi dielectric sheet 10, second dielectric sheet 20, third dielectric 
sheet 30, first dielectric sheet 10, second dielectric sheet 20, first dielectric sheet 10, third 
dielectric sheet 30, and second dielectric sheet 20 were laminated in the order of 
description on the second dielectric sheet 20. A fourth ceramic green sheet 40 that was 
not printed with the electrically condtictivc paste was placed on the uppermost layer to 
obtain a laminate 45 consisting of a total of 10 layers. In this example, the surface area of 
the tliree inner electrodes 10a, 20a, and 30a was the same. Other elements of the structure 
were identical to those of Embodiment 1 , and their explanation is omitted to avoid 
redundancy. Characteristics of the multilayer ceramic capacitor were identical to those 
obtained in Embodiment L In this example, the capacitance of die three capacitors in the 
circuit shown in Fig 8 can be represented by the following formula. 

Ci -C2-C3/2 (3) 

[001 1] furthermore, the number of layers in rlie ceramic dielectric sheet in accordance 
with the present invention and the surface area of die third inner electrode 30a employed 
for grounding are not limited to die above-described embodiments and can be changed 
appropriately according to the required capacitance. 

[0012] 

[Effect of the Invention] As described above, the present mvcntion provided a small 
capacitor in which three capacitors are incorporated in a single element and three 
terminals are integrated. As a result, mounciog can be conducted by a process consisting 
of a small number of operations and a printed circuit substrate is not required to have a 
large mounring area. At the same time, the filter response can be improved. Funhermorc, 
a common-mode noise and differenrial noise in three- wire balanced lines can be 
removed Therefore, the capacitor in accordance with the present invenrion is suitable as 
a chip noise filter (CNF) absorbing electromagnetic interference (EMI). Another 
advantage of the capacitor in accordance widi the present invention is that the 
capacitance of the incorporated capacitors can be clianged by changing the surface area 
of the second inner electrode with respect to the surface area of the first inner electrode. 

[Brief Description of the Drawings] 

Fig I is a cross section along the line H-H in Fig 7 for which the relation Ci C2 
- C3 is valid, this relation being obtained for die multilayer ceramic capacitor which is an 
embodiment of the present invention. 

Fig 2 is a cross section along the line J-J relating to the same embodiment. 

Fig 3 is a cross section along the line K-K relating to the same embodiment. 

Fig 4 is a cross section along the line L-L relating to the same embodiment. 

Fig 5 is a perspective view prior to lamination in a laminate preparation. 

Fig 6 is a perspective view of a sintered body prepared by sintering tlie laminate. 

Fig 7 is a perspective view of a multilayer ceramic capacitor fabricated by 
arranging first, second, and third outer electrodes on the sintered body. 



Fig 8 is a circuit diagram illustrating connection of the multilayer ceramic 
capacitor to a balanced line. 

Fig 9 is a cross section corresponding to Fig 1 for which the relation Ci C2 

is valid, thi$ relation being obtained for the multilayer ceramic capacitor which is 
another embodiment of the present invention. 

Fig 10 is a cross section along the line M-M relating to the same embodiment. 

Fig 1 1 is a cross section along the Une N-N relating to the same embodiment. 

Fig ] 3 is a crosfs section along the line O-O relating to the same embodiment 
Fig 9 is a cross section corresponding to Fig 1 for which the relation Ci C2 C3/2 is 
vaUd, this relation being obtained for the multilayer ceramic capacitor which is another 
embodiment of the present invention. 

Fig 14 is a cross section along the line ?-P relating to the same embodiment. 

Fig 15 is a cross section along the line Q-Q relating to the same embodiment. 

Fig 16 is a cross section along the line R-R relating to the same embodiment. 

Fig 1 7 is a circuit diagram illustrating connection of a conventional multilayer 
ceramic capacitor to a balanced line. 

[Legends] 

10 - first ceramic dielectric sheet (first ceramic green sheet) 
10a " first inner electrode 

20 - second ceramic dielectric .sheet (second ceramic green sheet) 
20a " second inner electrode 

30 - Third ceramic dielectric sheet (third ceramic green sheet) 
30a- third inner electrode 

4 1 - first outer electrode 

42 - second outer electrode 

43 - third outer electrode 
45 - laminate 

50 - multilayer ceramic capacitor 
Figl 

1 0 - first ceramic dielectric sheet (first ceramic green sheet) 
1 Oa - first inner electrode 

20 " second ceramic dielectric sheet (second ceramic green sheet) 
20a - second inner electrode 

30 - third ceramic dielectric sheet (third ceramic green sheet) 
30a - third irmcr electrode 

41 - first outer electrode 

42 — second outer elecirode 

43 - third outer electrode 

50 " multilayer ceratnic capacitor 
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